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INTRODUCTION
TUDIES on waveguide slot antennas are very common due to their unique features such as lower loss in comparison with micro strip antennas, and simpler structure in comparison with reflector antennas [1] , [2] . A large no. of literatures is available in this field. Most of them are about finding the equivalent circuit, resonant length and the radiation pattern of the single isolated slot antenna using different methodologies like variation, transmission line matrix method, Finite Difference Method Time Domain, Method of Moment etc [3] . A few work were also studied out in two or more than two slot are used as radiated element with mutual coupling for calculating the scattering parameters [4] , [5] , [6] , [7] , [8] , [9] , [10] .
A. J. Sangstar et al., [11] employed moment method to analyze a longitudinal slot doublet in both air-filled and dielectric-filled rectangular waveguides, in which the slot radiators are located in the opposing broad faces of the waveguide. Later they also presented an entire domain moment method analysis of an Omni directional linear array antenna [12] . Then after, A. Bastani et al., [13] presented analysis of planar slotted-waveguide array antennas with longitudinal slots using the method of moments. The effects of various mutual couplings, thickness of the waveguide walls, and waveguide proximity were taken into account in this analysis. After two year P. Mondal et al., [14] reported the analysis of an isolated slot doublet in a rectangular waveguide using Magnetic Field Integral Equation (MFIE). The equation was solved using Galerkin specialization of Method of Moment (MOM) and reflection and transmission coefficients were obtained. Equivalent circuit of the waveguide slot doublet was represented on the basis of these coefficients. Later they also presented the design of a linear array antenna having two radiation nulls and otherwise Omni directional radiation pattern using slot doublet. This type of doublet produces two radiation nulls [15] . After four year, Rintu Kumar Gyan et al., [16] paper presented, method of moments based analysis of broad-wall longitudinal slots array antenna using Multiple Cavity Modeling Technique (MCMT) for calculating resonance and scattering parameters two element planar slot array antenna for X-band. Later, they also presented a method of moments based analysis of high-gain broad-band waveguide broad-wall longitudinal slot array antenna for eighteen element slot for calculating scattering parameters and gain for entire coverage of X-band [17] . After that Hare Ram Jha et al., [18] presented a paper design and analysis of waveguide-fed broad-wall longitudinal log periodic slotted array antenna for X-band for calculating the scattering parameters and gain simultaneously. Again, more recently Rintu Kumar Gyan et al., [19] also presented a method of moments based analysis of standard and reduced height a broad-wall longitudinal slot doublets antenna using Multiple Cavity Modeling Technique (MCMT) for single doublet calculating scattering parameters. Above reported literature survey no one author studied the behavior of scattering parameters and gain simultaneously of two element
Study of Scattering Parameters and Gain of two Longitudinal Slots of Same Electrical Lengths Milled on two Waveguides for Series and Shunt
Slot Array Planar Antenna
Hare Ram Jha and Shiva Nand Singh  S series and shunt planar waveguide slot array antenna. So, this is the great opportunity to study on two element series and shunt planar waveguide slot array antenna.
In this paper we have analyzed scattering parameter due to mutual impedance between two slots of same electrical lengths milled on two waveguides, kept side-by-side, keeping their polarization parallel otherwise arbitrarily located. The configuration is shown in Figure 1 (Total 4 configuration).
As the name suggests waveguide slot antenna (WSA) consists with two things slot antenna and waveguide. Any slot has its complementary form in wires or strips, so that the pattern and impedance data of these forms can be used to predict the patterns and impedances of the corresponding slot [20] . Waveguide has been often applied for high power handling capability and low losses [21] . Generally, waveguide is a hollow metallic box that comprises with two broad walls and two narrow walls shown in Figure 2 . Slots milled on either the broad wall or on the narrow wall of a rectangular waveguide have found wide application in naval radars. A slot is capable of giving vertical and horizontal polarization, depending on its location and orientation of the broad wall and narrow wall of a rectangular waveguide. Front-fed reflector or Cassegrain antenna systems suffer from the drawback. Moreover, such arrays can be fabricated with minimum power loss compared to the case of reflector antennas. Due to these characteristics the waveguide-fed slots have found an important place in the array antennas as radiating elements.
For design of linear and planar slot arrays, it is first essential to characterize a single slot element. The equivalent network representation of such element is necessary for designing such arrays. However, when two or more array elements are near to each other, some of the energy that is radiated by one element gets significantly coupled to the other elements. The amount of coupling depends on the radiation characteristics of the elements, separation and orientation between them. This coupling of energy between array elements is known as mutual coupling and in many cases it complicates the analysis and design of antenna. For most practical antenna configuration, mutual coupling is difficult to predict analytically, but must be taken into account because of its significant effects on antenna performance. The effect of mutual coupling performance of an array depends upon the antenna type, its design parameters, relative positioning of the elements, feed and on the scan volume. .5mm For design of linear and planar slot arrays, it is first essential to characterize a single slot element. The equivalent network representation of such element is necessary for designing such arrays. However, when two or more array elements are near to each other, some of the energy that is radiated by one element gets significantly coupled to the other elements. The amount of coupling depends on the radiation characteristics of the elements, separation and orientation between them. This coupling of energy between array elements is known as mutual coupling and in many cases it complicates the analysis and design of antenna. For most practical antenna configuration, mutual coupling is difficult to predict analytically, but must be taken into account because of its significant effects on antenna performance. The effect of mutual coupling performance of an array depends upon the antenna type, its design parameters, relative positioning of the elements, feed and on the scan volume. Figure 1(b) shows a longitudinal slot of dimension 2 × 2 cut on the broad wall of a rectangular waveguide of cross section 2 × 2 and the thickness of the waveguide is 2t. The slot is offset from the broad wall center line by X s .
II. PROBLEM FORMULATION

A. Derivation of the Scattered Field inside a Waveguide due to a Longitudinal Slot on the Broad Wall of the Waveguide
If the slot is narrow, the electric field existing in the aperture can be approximated as:
and the equivalent magnetic current is given by:
The electromagnetic field radiated by the slot into the waveguide therefore has to satisfy the scalar Helmholtz equation, with source . In other words,
The green's function is defined by the solving of the differential equation (3)
is for the electric vector potential function of the internal scattered field due to longitudinal slot on the broad wall of a rectangular waveguide [21] .
B. Derivation of reflection Coefficient and Transmission coefficient formula using Multiple Cavity Modeling Technique (MCMT)
Figure 1 (a) and 1 (b) are kept side-by-side in the series, ultimately combined make a new structure two element series slot array planar antenna, considered case-I for two element longitudinal slot array waveguide fed antenna. Figure 1 (a) and 1 (d) kept side-by-side in series; at last combined make a new structure two element series slot array planar antenna that reformed case-II for two element longitudinal slot array waveguide fed antenna. Figure 1 (a) and 1 (c) kept side-byside in shunt, ultimately combined make a new structure two element shunt slot array planar antenna, which is considered as a case-III for two element longitudinal slot array waveguide fed antenna. Figure 1 (b) and 1 (d) kept side-byside in shunt, ultimately combined make a new structure two element shunt slot array planar antenna, that is performed case-IV for two element longitudinal slot array waveguide fed antenna. Figure  5 , and Figure 6 respectively. Whereas the top view of the waveguide slot antenna is shown in Figure 7 . The corresponding cavity modeling and details of magnetic current at the apertures is shown in Figure 8 .
The electric field at the slot may be assumed to be Xdirected can be expressed in terms of a sum of weighted sinusoidal basis function e p,z i defined over the entire length of the slot as follows:
Where, e p,z i is defined as:
Where, "2L i " the length of the i th slot, "2b" the guide height, and Z i the offset of the i th slot along the z-direction of propagation distance It is seen from the above expression for the electric field, that the field exists only in the y=b plane, and that is no variation of the electric field in the x-direction, i.e. in the direction of the slot width.
The equivalent magnetic current for computing the externally scattered field is obtained using equation (2) as follows:
In the region of the slot, z-component of the magnetic field is related to the as follows:
And that for the evaluation of the internally scattered field is:
With respect to the cavity and free space coordinate the aperture is centered and hence = 0 in the expression of e p,z i . For the dominant mode TE 10 mode excitation in the waveguide, the incident y-directed electric field can be described as: Since from the analysis, the incident electric field can be assumed to be of any strength. For the sake of convenience, we may assume the z component of incident magnetic field to be:
Using equivalence principle, electric field distribution the fictitious magnetic currents existing at apertures can be obtained. For the proposed structure, the tangential components of magnetic field existing at different regions can be expanded as: In the region of the slot, the tangential components of the magnetic field should be continuous, which results in the following boundary conditions: Aperture 1 (Region 1 = Region 2): Where "2a" is the guide width, "2t" the slot/waveguide wall thickness, and
For m = p and n = 0 0
The method of moments is applied to Galerkin's specialization [22, 23] to obtain 2M different equation from the boundary conditions to enable the determination of the , . The weighting functions , , , are defined as follows:
For all q (q=1, 2, 3,…………, M) after taking moment of each of the terms in boundary conditions (14)- (17), with , , we obtained a set of simultaneous equation which upon solving the unknown basis coefficients. Here, we assume that the weighting function defines over a slot having a slot length "2L i ", slot width "2W i ". Where, "d" is the distance between the slots. The (p, q) th element of the moment matrices can be derived as follows: Once the admittance matrix is calculated by equation (32) then easily calculated the impedance matrix because impedance matrix is the reciprocal of admittance matrix. After calculating impedance matrix, the reflection coefficient Γ or S 11 and Transmission coefficients T or S 21 at z=0 plane are obtained as [22] On the pre basis of the problem formulation, MATLAB codes have written to compute the reflection coefficients and transmission coefficients of the different case structures and compared with HFSS simulated data in Figure 9 (a) and Figure 9 (b) over an entire X-band (i.e. 8.2GHz~12.4GHz) operation. Figure 9 shows that excellent agreement between theoretical MCMT data and Ansoft HFSS simulated data to validate the proposed MCMT methodology. The result indicates that proposed methodology able to solve reflection and transmission coefficient for four different cases of longitudinal slots of same electrical lengths milled on two waveguides for series and shunt slot array planar antenna.
After validating the analysis, computed the total gain data over the range of 8.2GHz~ 12.4GHz by the using Ansoft HFSS software when cut off frequency/ solution frequency is 10GHz for four different cases are shown in Figure 10 . In this figure case-III and case-IV maintains a high gain (more than 5dB) in entire X-band and total gain is reached up to 7.7dB at 10 GHz in both cases. However case-I and case-II does not maintain high gain in an entire X-band, but total gain is reached up to 12.5dB at 10GHz frequency in both cases. In case-I total gain characteristics shown in Figure10 that at 8.2GHz~8.4GHz, 8.8GHz~11.2GHz, 11.7GHz~12.4GHz frequency band antenna is working because of this reason total gain considered more than 0dB. Therefore, we can say that case-I antenna is working in multiband in nature within the X -band. In case-II total gain graph characteristics show that at 8.2GHz~9.1GHz, 9.1GHz~10.8GHz and 11.1GHz~12.4GHz frequency band antenna is working because of this reason total gain is more than 0dB. Therefore, we can say that case II antenna is performed as multiband in nature. In case-III total gain graph characteristic shows that at 8.2GHz~12.4GHz frequency band antenna is working because of this reason total gain is more than 5dB and maximum total gain is reached up to 8.2dB at 9.14GHz frequency. Therefore, we can say that case-III antenna is also working in single band with the entire coverage of X-band. In case-IV total gain graph characteristic shows that at 8.2GHz~12.4GHz frequency band antenna is working because of this reason total gain is more than 5dB and maximum total gain is reached up to 7.9dB at 12.4GHz frequency. Therefore, we can say that case-IV antenna is also working in single band with the entire coverage of X-band. 
IV. CONCLUSION
This paper presents a study of scattering parameters two longitudinal slots of same electrical lengths milled on two waveguides for series and shunt slot array planar antenna. The methodology has been verified using Ansoft HFFS simulated data. The antenna provides gain high as 12.5dB in both case-I and case-II, 8.2dB in case-III, 7.9dB in case-IV. The case-I and case-II antenna works in multiple band within in X-band. The case-III and case-IV antenna works in single band entire coverage of X-band. It could be noted that geometrical parameters (i.e. Length, width, position and offset of the slots) are not optimized. Here our aim was only to show that two longitudinal slots of same electrical lengths milled on two waveguides in series create multi-band and two longitudinal slots of same electrical lengths milled on two waveguides in shunt creates single band.
At last, the case-I and case-II is applicable for multi frequency selective device for communication while, the case-III and case-IV is applicable for long distance data communication.
Conclusively, this paper indicates that two longitudinal slots of same electrical lengths waveguide shunt slot planar antenna behaves as a single band and two longitudinal slots of same electrical lengths waveguide series slot planar antenna behaves as a multiple band characteristics within X-band. Gain total for case-IV Gain total for case-III Gain total for case-II Gain total for case-I
